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1020030029891 ■ SJXh 2003/6/11 

S^SJI] HWANG, Seong Taek 

[^aiMSIs] 650306-1535311 

[?0SS] 459-707 

i^±] s^it s^iai m^m amoyum 102-303 

[^31 KR 

[£S°J ScS^I] KOH.Jun Ho 

[^ SIM SIS] 660407-1063421 

442-745 

[^^1 SJIS 4^A| ii? flDHiilOfEU 231 § 

601 s 

[^] KR 
[&A>g?] 

imm m^\^ j\\42^s\ ^goii 21 e ni6os°i ^§ 

012^ (oi) 

PI^SSIS] 20 S 29,000 SI 

Pt^*as] 11 s 11,000 si 

[^£I5I^S^] 0 2 0 SI 

[£JAHI^S] 6 9 301,000 m 

wm 341,000 SI 
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1020030029891 2003/6/11 

^-fHl ^3^, ^oM %*\3L°\] tfl$ ^-71 ^^^>7l ^t!: # 

71^-; ^7)^^^ ^ ^7l# ^*}^, #71 X| 1 ^#S^7l^ 

^4^2}- o^^o^ Cf>-^ ^-7l/1^2|-; ^-7) -g-^/^Jf <4 

AA fS7f CH^O] ^Cf^Sf IBS}, ^ 

1- I^H, ^71 XI 1 ^ X)2 4^2}-7lfe *}-fH i^B^ 7}7] 

^"oH* <^£r ^71^ 7>-B- <3«H 

£ 3 

^^^•4^, # ^71/^^" Cf^7l, i^H^ 
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• It 

1020030029891 <£t\: 2003/6/11 

^Q&W* ^-f-^-t- W ^HTO # £-71 /^ ^SM{BIDIRECTOINAL OPTICAL 
ADD/DROP MULTIPLEXER FOR WAVELENGTH DIVISION MULTIPLEXING OPTICAL NETWORKS} 

^3£r Sr^W^ #*^} ^(wavelength division multiplexing optical 
network: WDM optical network)°fl ^tb ^1 <$7] ^*<0°j- xfl <H1 >H 
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1020030029891 ^^ <Qx}: 2003/6/11 

^ #3}*Kr %*\3Lo\] tfl*H ^ ^ £-71 (channel 

add/drop)* ^*}7l <^*V ^ifr % £-71/^ ^^(bidirectional optical 
add/drop multiplexer)^ ^H^f. 

^5- ^ 3Mi-fKoptical fiber)!- -f-*fl ^S. 4^M: # 

^ ifl 4) (switching)*}^ 14 ^JL# £-71 ^t^Hr 7>^Sfl^^.S.^, 4^ 

«^ 71^1 71^ W^l^ 7BrS}7ll ^ 

$1*] (optical switch)!- i^W. 3r^-*« ^S^l Sfe ^fl^^l -g-°l* r jl, ^ 

°17> ^SH, integration^ -f^*V H^s.^ 3*Karrayed-waveguide 

grating: AWG)7> fto] A>-g-^cf. # ^*1^-Tr 2x2 ^*1 (space switch)M- 

^ 5>Tr 3M3-fV «.2fl^L 3*Koptical fiber Bragg grating: FBG)7 r a> 

£ l£r ^Efl^l # £-71/^^" ^5}-7lSl uf^lfl^- JE^ 
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1020030029891 #^ 2003/6/11 

A oM %&7]/^ cf^5l-7l(l00)^ ^11 ^ *fl2 *] ^efl o]b\ (circulator: CIR, 
120, 130)2}-, 8>g wfl<i £b}-^ 3*r(150)£r,. *1U ^fl*l ^16 # i$}*} (141-146 )2}-, *fll 
^ *fl2 % t|}<*} -^4 ^Ei(optical band pass filter: OBPF, 160,170)1- JL^tr^. #7l 
*Hl ^ ^2 *H-3He}, Hfl^ 5L3i}-5L^ ^7>, afli tflx} ^16 # i^^l^ ^ c}-^<3} 
HI- Strife 31 , sfl^ i*}-£} ^-s M ###"5|ZL tr^, ^-71 ^l-S} ^ln(H^- 

n 1 ) IB^ "n"(5E^r "n"')^ %3i ^11^ lE^ltr^ r:-}-g-o} "### n "(H^ "###n"')^-^ 

>S-7l *Hl ^)^efl^EKl20)^ n ^ lE^j oi^<g n ^l^tr ^ IB 

5. ^€ *fll vfl^l ^3 IH( 1201-1203)1- ^l^M, ^-71 *lll *lt-5lHEi 

(120)^ ^2 5LB(1202H1 ^«<Hg= f^llt *fl3 SH(1203)5. #^^>J1, *fll 3. 

B(1201)5L t^Jit afl2 iB(1202)5. *fll *lt-eflolEi 

(120)2} *f|2 (1202)^ cf^^ ^OjM ^ o. (110)S! ]. <g^^cf. # 

71 ^3- 4€- 4^ S>^r *U *\}3 ^^(A1~A3)* i^H, # 

^-7] ^12 ^|§Ello}Ei(130)^ ZL iH o)l o^*g ZL <y^*V ^ IB 

S. #^*r-E-^ afli ifl*} *fl3 £B( 1301-1303)1- ^ls}^, A]2 *ll-3MEi 

(130)^ ^2 iB(1302)°1} <y^£ ^wj-^ ^Jl* *fl3 iB(1303)S %n*}JL, ^1 1 3. 
H(1301)5. Mil ^12 5EH(1302)S. #^tr4-. #7l *fl2 

(130)2} ^}2 iH(1302)^ 4^5r^l ^S2} ^}tr #^-B-(110)2f ^^^4. 

^"71 afl<i SS}.^.^ 3*Kl50)-^r 2j^-cfl ^1 ifl^ ^H( 1501-1508)1- ^] 
f>}v), n e}-teH} ^11' ^fl^l ^18' IB( 1501' -1508' )«- ^-wltrcf. ^7l *fl4, 8, 4" ^ 8' 
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1020030029891 <Qt\: 2003/6/11 

IS ( 1504 , 1508 , 1504 ' ,1508')^ AA A^QQ ^Jl^ ^-S,7} B\JL, *fll v)H *fl3 S. 
3= (1501-1503), *1]5 *fl7 5LB( 1505-1507) , afll' *j)3' SH( 1501' -1503' ) ^ 

^15' vfl^l afly 5LH( 1505' -1507')^ A A ^AttQ *S7> ^cf. #7) «fl<l 

£5^5.^ 3 *K 150)2] ^4 SH(1504)^ *fll #^SIMB| (120)^1 *l|3 3LB(1203)^ 

^^JL, ^4' iH(1504')^ #7l afl2 ^l-^o]BKl30)^ *fl3 5.H(1303)^- 

Hfl<i £jfl-3.<§ ^^>(150)^ *«4 5E.B(1504)<Hl ^ 
<=H^H> ^ ^^-#s}-^ afll ifl*l X13 *im(M~\3)^- *0l' vfl^l ^13- is 
( 1501 '- 1503 ')£. #^*>JL, ^15' tfl^l *fl7' SB( 1505' -1507')^ *fll *fl*l *fl3 

*ti^Ul~A.3)^- ^^r^s)-*!- ^ t}^sH£ £«v^ *fl8 SH( 1508)5 #3 

th}. JE&th #7l afl^ £345.^ 3?*Kl50)fe *fl4' SH(1504')oll <g e^fj-^ ^-aI^i 
* ^^5j-*l * *fl5 vfl^l ^17 *m(\5~\7)^ m vfl^l ^17 I 

H( 1505- 1507) 3. *^*|-JL, *fll ifl*l *fl3 1501-1503)^1 «g §^ *fl5 tfl^l *fl7 *fl\i( 

X5-X7)^- ^ ^«o v ^ ^Jl* *H8' 5LB(1508')S #^*V 

#7] *fll ifl^l *fl6 # (141-146)^ AA =L <£^t°\] nfl*l^l afll * »12 

(1411,1412; 1421,1422; 1431,1432; 1441,1442; 1451,1452; 1461,1462)2}- Ej-^ofl «fl 

*«3 ^ a!) 4 (1413, 1414; 1423,1424; 1433,1434; 1443,1444; 1453,1454; 
1463,1464)1- ^-«1*>^, w>(bar) ^0)]^ ^ *fl3 1^(1411,1413; 1421,1423; 
1431,1433; 1441,1443; 1451,1453; 1461, 1463 )7> <&%£{JL, *fl2 ^ ^4 SB 

(1412,1414; 1422,1424; 1432,1434; 1442,1444; 1452,1454; 1462,1464)7]- ^5. 
. 3.5.i(cross) ^EfloflA^ ^ ^4 (1411, 1414; 1421,1424; 1431,1434; 
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1020030029891 #^ U*}: 2003/6/11 

1441,1444; 1451,1454; 1461,1464)71- *\3. Q^Z., XI 2 ^ X|3 5EB( 1412, 1413; 
1422,1423; 1432,1433; 1442,1443; 1452,1453; 1462, 1463) 7} X\S, <&&&t\-. #7l XU 
^ ^4*1(141)^ #7l afl<g 5.^3.^ 3 *K 150)4 XU' ^ X|5' IB(1501 ' , 1505' )4 
^^M, #7l XI 2 # ^4*1(142)^- #7l tifl^ ^7>(150)^ X|2' ^ X|6' 3. 

B( 1502' ,1506' )4 "Si^slal, #7l Xl3 % i4*l(143)*r #7l Bfll 5L3\-3.*§ 34(150) 
4 X|3' ^ Xl7' 5LB( 1503 1 ,1507')4 £^4. #7l XI 4 % ^4*1(144)^ #7l «fl<i 
£5}-^ 34(150)4 XI i ^ XI 5 IB( 1501, 1505)4 <£;I44, #7l X|5 ^ ^4*1 
(145)fe #7l Hfll 5=43.$ 34(150)4 X|2 ^ XI 6 IB( 1502, 1506)4 ^^^3-, #7) 
XI 6 # ^44(146)^ #7l tifl<i £4^1 34(150)4 XI 3 ^ XI 7 IB (1503, 1507) 4 
^44. 

#71 XU # tfl«? *4 €3(160)*? ^-S-i- X1444 4*H #7l £^ %aiJl4 
4^ tfl^-g- S^>^- 4# *4 tfl^-g- 7}*H, #71 tifl<i £45.^ 34 

(150)4 XI 8 SB( 1508 )4 #7l Xl2 3 (130)4 XI 1 iB(1301)4 ^^€4. 

#4 X12 % rfl^ -f-4 €3(170)*=- Xl7l^>7l #71 fulfil 

4# tfl^^ I^Kr 71 4# ^4 tfl^-g. 7>^H, #71 tifl^ £4^.^ 34 

(150)4 X18' 5EB(1508')4 #7l XU 4#3l o 14(120)4 XU 5LB(1201)4 ^^€4. 

#7l # &7]/^ 4^5^71 (100)7> XI 1 vfl4 X13 *imUl~X3)-§: I^Hir 
*8= ^JL^H XU XmUl)# £44 71^ XU 3^4, X16 ^ X17 XmU6,\7)^- 3L 
^"4*r <3 y oH^ ##3L<>11 XI 5 ^^(X5)^- ^4 7l*r XI 2 3^ s.ol ^t^^ ^ 

4SRr 44 ^-4. 
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1020030029891 #^ 2003/6/11 

XM^l^D^ XI 1 ^ X|4 # ^3*1 (141,144)* £13^ Ml, lH*1 % i 
$1*1(142-143,145,146)1- h> #3)3. XHt!:^. ^*1 Xll ^-f* 3.^, #7] XU ^#3] 
<X^(120)2l XI 2 IB(1202)X1 <g ?^ ^Afe XI 3 IH(1203)3 # 

71 tifll £4^^ ^7>(150)^ XH IB(1504)X1 <y^^ #7l £^ ^JL« 
^4^3^ XI 1 *fl*l XI 3 Xl^(Xl-X3)-g- Xll' vfl*l X]3' IS 
( 1501' -1503' )3 #7l X|l # ^*l(141)fe XI 2 IH(1412)X1 #7l 

XU 5^(xi)i XI 3 IB(1413)3 #<=^o.3*| #71 Xll XI ^(\D* €-7^1^. # 
71 XI 2 ^ XI 3 % ^ *1(142, 143)tt XI 2 IBK 1422, 1432H1 XI 2 XI 3 X|^( 

\2,X3)^§- XI 4 lBt( 1424,1434)3. #^4. #7l tifl^ 5143^ ^7>(150)^ Xl6' 
^ X17' IE ( 1506 ',1507') XI <3^€ Xl2 ^ Xl3 XmU2,A3)^- sj-^^ tff^*}- j£ 

^HH}= ^^1- XI 8 IH(1508)3 M^t)-. #71 XU % tfl^ #4 
(160)1- J§-^ £^ %H2L^ #7l XI 2 'X^eflolE-K 130)^1 XU IBU30DX1 
tX, #71 XI 2 *)#31 °1^( 130)fe XU IB(1301)X1 #7l £« 0 Vtg= t A Jlt XI 2 I 

E( 1302)3 #^*Vcf . 

XI 2 iUS, #7l XI 2 *H-3HeK 130)^1 XI 2 IB(1302)X1 

^Jlfe XI 3 BE (1303) 3 #^S|ji, ^-7} tifl<I Bs)-3*g 3*Kl50)fe XH' B 
B(1504')X] <g§*^ #71 <*« 0 H£ ^JJlt 4#^-«" ^cf^^l-iX, ^^SHS XI 6 ^ 
XI 7 XH£(X6,X7>8: XI 6 *fl*l XI 7 BEU506, 1507)3 #7l XI 4 % ^-3*1 

(144)^ XU BE(1441)Xl <33^ XI 5 Xl^(X5)-g- XI 4 IE (1444)3 #^^r>Jl, #7l Xl 
5 ^ XI 6 # *1(145, 146) XI 2 IEt( 1452, 1462) XI «8 Xl6 ^ Xl7 X)\t(X6, 
X7)* XI 4 IB. #(1454, 1464)3 #^«H}. #7l Xll £^-3^ 37>(150)*r XU ifl*l 
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m 1501-1503)^1 *fl5 ^] *fl7 *fl\iU5~X7)^- sj-^^ cj-f-s^ * 

f^llt ^18' 5LH(1508')5. ^-71 *fl2 # rfl^ -f-4 ^B] 

(170)1- %H3L^ <#7) *fll *|#3H (120)3 *Hl M(1201)<*fl 

^, afll ^#^|ol^(l20)^ *U 5EB(1201)ofl #7] fAi^t *j| 2 5. 

B(1202)5. 

aV^*1 H>sq. ^ol, ^efl^ n>6 tifl <g z^-g. ol-g-^- oj:^ ^- & 7 ]/^ 

cf^7l^ z| ( n - 2 ) 7 fl3 IHff 2 7fl^ ^ <3;i*Kr ^3=*] (fold-back) *§ 

Efl» ^JL, zj- 2 7fl^ iBt^ tH-sm ^Jl^I #3.5. A>-g-f- , 

^ ^tt (n-2) 7flS. *fl^i=Hr ^-Tfl^ol 014. 



£ #^^r ^"7ltb ^2fl3 ^fl^ Sfl^§>7l "?>#^: ^ ^3 

#ejhi ^ 7v^*b ^fl^ ^ sa^ 2}-^^-^ w^i n J- 

^J:^ ^^H, -8-71 cfltb *l]\t ^71 

<#*&i$ % ^7}/^ cf^ 7 )^ ) T£±=. ^ fulfil 

* ^«l*Rr ^11 Sj-^^- t\^7}S\- 7\A 7}*£$& ^ SE^ £-7]* 

A oM *fll Sj-^^- <*tf^S}- IBt4 ^tfl^ ^-71/^^" 
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1020030029891 %^ <Qx}: 2003/6/11 

#7} 4^ £-7l/3W*r <|3tfl<|} *fl^ fS7} Slfe 

» ^l*Hr XI 2 ^#^-711- , ^7] XI 1 ^ XI 2 4^^- t^SMfe 

^tr 7>^- <^-g: 7>^H, ^-71 #AlJro] S}-^- cflctfo. & ^7} 9] 7} 

-ft- i^H^ I^i, A o V 7l *&*J= fAl^o] ^ flj^ 43 ^ 7 )o} ^o. 

°l*h l^l 4€- <&«o v ^ # ^-71/^^- cf#S]-7l i&fe # ^71/^t^-^ rf^ 
^ IHt ^l^Rr 4i7>l- i^-^dl, isfl^ ±7.}°) ¥-SL7\ "###" ^-Jl ^t^," Aj- 

7l 4i^>^ XI n lEfe "n"^ %2i ^3.3.*] £a]^-^ "###n"°-S. S7l*>7lS. 

71^ ^Aj^. U^tfl^ JE^t^ £ 3-8- £ 2X1 £Al^ o^Hg 33- «- 7 )/^tJ- ^S}-7l ofl 
A i A >-§-^]^ ^ <X^-§: S^olcf. ^- ^-71/^^- 4^^-71(200)^ X]l 

^ X12 sj-^^-^- 4^^-71 (wavelength division multiplexer : WDM, 220,260)4, -%7] Xl 
1 % X12 4^7}(220,260)^ A\o}6\] c^^^ ^1 tfl^ *fl n ^- «. 7 )/7|^-«. 

(add/drop part: ADP, 230-250)1- 
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1020030029891 #^ <g4: 2003/6/11 

#4 5)-^^- 4^44 (220)ir 4^44 #^1Jl 4tr ^-fi-(210)4 

Al 4^4 5LB(multiplexing port: MP, 221)4, 44 <34^44 *fl\|<s} ^. 
3.7]- 4tt aflll 44 ^flln ^4^4 5£B(demultiplexing port: DP, 222-224)1- ^ltr 
4. #4 ^]1 4#£- i fr cf^sj- 71(220)^ *fll 4^4 M(221)°ll ^34 4^44 ^ y o V 
^ MJL» 4^ 34#3-*H, ^4#44 4 ^fl^^- *fl4 4#°ll tfl«8-*rfc <34 

f^4 5LH(222~224)3 #^*r4. ^°-3, #4 afll 4#£-«- 4#44(220)^r #4 ^]11 
Ml 4 *Un <34^4 5.HC222-224H1 oj^^ *fl^#.£ 4^444 , 4f^44 

*fll 4^4 51B(221)3 #3tr4. #<H , #4 afll 4#€-^ 4^ 

44(220)^r ^2 ^fl^(\2)^- *U2 <34^4 iH(223)3 #^*>^, afln ^fl^(An)t 
*flln <34^4 M(224)3 #^tr4. °1 , #4 *fll 44 *fl n 

Xl~Xn)f 5L^H, #7] 4 u o v ^ ^Stt ^Hn+l) 44 *fl2n *fl\£( X (n+l)~ A2n)* 
i4tr4. a o v 7 ] ^ ^ 2 s}-^-^^; 4^44(220,260)^ 44 ZL -f-4 4# tfl*H ^ 
43i>-3 aV^-sq^Hl, tr ^44 #4 4^- tfl^-g. 4-fr ^4H^ <3 4(free spectral 
range: FSR)°14ji W4. £ 3* %^e>^, #7] *U ^ *fl2 4#£^ 4#44 
(220,260) 44°1 £fe tr ^44 ^4B 5 j ^^(310)^8: #4 ^J:4 4 

# 4 4 (320)* 5L^>JL, 4€- ^ ^44 4-fi- ^4B^ <3^(310)£: #4 4^ 
-5^4 4# 44(330)* S^-tr4. #71 *fll ^ *fl2 4^^" 4^44(220,260)34^ 
4^4 4#°1 -g-4*ral, ^H7> ^H, ^451( integral ion)7> -<Hrtr «fl^ 3^43 

^ 44* 4-§-1* ^ &4. 

#4 *fli 44 4 n ^-4/^^(230)^ #4 *fli 4^^- 4^44(320)4 *11ii 

44 4ln 44^4 5LH(322~324)4 114^ ^^44, 44 tr #4 ^4 (coupler : 

31-12 



1020030029891 #^ °^\- 2003/6/11 

C, 232,234; 242,244; 252,254)21- *b *8r£\ % i^^l (optical switch: SW, 236,238; 
246,248; 256,258)1- S^th*. ^7] 2fll ^x) 7% n -g-71/1^ (230-250 )£r 3L*f- -g-^t!r 

ol^> ^-71 2fll -g-7l/l^-(250H ^^*>7lS 
A oM 2fl 1 ^-71/^^(230)21 ^1 11 1^-71(232)^ *111 vfl^l ^13 IB(2321-2323)1- 
i^M, *H1 5LB(2321)^ <$7] m ^#&Ht ^^-71 (220)21 ^cf^s}- IB 

(222)21- oi^^cf. #7] aflll 1^-71(232)21 *112 lB(2322)^r 2flll % ^Jfl *1 (236)2} 
^12 BB(2362)2}- ^IeJji, *ll3 IB(2323)^ *\)12 % ^-?j*l (238)21 2fl4 IB(2384)2J- 
<21£4. ^7l Xlll 1^-71(232)^ IB(2321)<>11 ^^(Xl)^: 2fl2 IB 

(2322)5. #^*Kn, m BB(2323H1 ^l(n+l) *im( \ (n+1))* ^fll IB(2321) 

B 

^-71 ^71/^^(230)21 ^11 # ^^1(236)^ 3. 2JS-OH afl^^ ^ & ^ 2 
1^(2361,2362)21- n Ej-^ofl wfl^^ 2fl3 ^ *ll4 £B( 2363,2364)-^ ^«ls}^, wRbar) 
^-EfloU^ *)U ^ *fl 3 IB(2361,2363)7V ^l^JL, 7\]2 ^ 2fl4 IB (2362, 2364) 7} 

^"71 21111 % ^ 21^1 (236)^ HBi(cross) -tf^HH *Hl ^ 2fl4 IS 
(2361, 2364 )7> <£^JL, 2fl2 ^ 2)13 IB (2362, 2363 )7> >HB c^^t}. afln # 

^21^1(236)21 2112 IB(2362)^ <#7] 2flll 1^-71(232)21 2fl2 IB(2322)2l- ^l^ji, 
^14 IB(2364)^r <#7) 21U2 1^-71(234)2] ^3 IB(2342)2}- ^l^cf. #7} aflll ^ 
31*1(236)^ £1B^ -tf^HH *1l2 IB(2362H1 2jU *fl^(M)^: ^3 IB(2363) 

B #3^JLB*| ^>7l 2lU ^^(\1)^- ^-71 ^lJl°ll ^a]7]JL, 2112 IB 

(2362H1 <$n& m *m(\l)Sr 2113 IB(2363)B f^f^ #7l *fil *ti\t(M)-i: 
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1020030029891 #^ 2J*}: 2003/6/11 

^-71^^14. #71 *fln ^-^^1(236)^ «} ^^H^ *\)2 i£H(2362)ol] t)U 
(Xl)# ^4 5LH(2364)S #7l afll ^fl^(Xl)|- ZLcfls. ^-:b}a]?Jc}. 

A oM *fll ^r7l/l!^(230)^ *fll2 # ^^1(238)^ H «fl*l€ *fil ^ 42 

SB (238 1,2382) 2} zl eHH} ufl*]^ ^3 ^ ^ 4 SB (2383, 2384)1- ^1*}^, «Kbar) 
#e)HH ^11 ^ *fl3 BB(2381 ,2383)7}- a^ S^^sl^l, *ll2 ^ ^4 SB (2382, 2384) 7} 

<&&&^. #7] *fll2 # ^^1(238)^ 3B^(cross) *J-e)HH 4l ^ *ll4 IS 
(23811, 2384)7} a^ *fl2 ^ *fl3 SB (2382, 2383) 7} ^3. ^^€4. *lll2 % 

^*1(238)£| 42 SB(2382)^r <#7] 412 ^7](234)2l ^2 SB(2342)2} <?1^5lJl, 
44 SB(2384)^ ^-7} 4ll ^^-71(232)^ 43 SB(2323)2} ^^H}. #7] ^12 ^ 
^*](238)^r idLB^ ^J-Bfl^Ai SB(2381H1 *fl(n+l) *imU(n+l))^- *fl4 S 

B(2384)3L *^^>-B*l Aj-71 ^(n+1) ^^(A(n+l))^r #7] ^« 0 >^ ^^rofl ^^71 
31, 42 SB(2382)°fl <^4£ ^lKn+1) ^^(X(n+l))^r *fl3 SB(2383)B #^tJ\2.B#| 
^"71 *fl(n+l) ^(ACn+l))* ^H^t}. Aj- 7 j ^2^1(238)^ *} #e)HH *fl 2 

SB(2382)°fl 4(n+l) ^fl^( X (n+l))-g: ^4 SB(2384)B #3f-_aB*| #7} 4 

(n+1) ^^(\(n+l))# ZLtflB ^4*1^14. 

^•71 afli ^-71/^^(230)^ *fli2 ^^-71(234)^ *)U vfl^l ^13 SB(2341~2343)1- 
IW, *fll SB(2341)^r ^7} 42 3p3"g-l- cf^S}-7l(260)^ »121 ^c}^5} IB 
(262)2} ^^^cf. ^7l *fll2 ^71(234)2] *fl3 SB(2343)tt *Ul % ^*1(236)2] 
^14 SB (2364) 2} ^^Ji, *fl2 SB(2342)^ ^12 % i^H*l(238)2] 42 SB(2382)2} 
<3^t}. ^-7} *fll2 ^^-7}(234)^ 43 SB(2343H1 <^^€ *fll *fl^Ul)* 4l SB 
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(2341)5. #^^>i, Al IH(2341)<Hl ^(n+1) (n+1))^ *)12 iH(2342) 

#7) A}2 3K v -g-^- 21-71(260)^ #7] #^-R-(210)$l- A2 4^ IB 

(261)SK ^^sHEl f£7} 3tt ^121 vfl^l ^2n ^4f^ 5EH(262~264) 

« ^1 a o v 7 ] ^ 2 ^s}-7l(260)^ #7l *fl21 vfl^l ^2n <$^$- 3E.H 

(262-264)^1 <g§m t^s] *H^-fc t^SJ-SH. #^1Jl«- ^2 4^3- 

IH (261)5. 

^"71 # ^71/^^- rf^5j-7H200)7> ifl^l 7|]n *imUl~Xn)# S^>^ 
^ ^Jiofl^ ^Ul)^ ^l7l^ afll ^-fsq-, #7l *fl(n+l) i-fl^l *)l(2n-l) *fl^ 
# Sl^Rr ##3L°fl ^l2n ^^(X2n)# ^7}*}^ <^}S, ^o] ^tgs}^ 

^^^-(°l£Al)^ ^lii i^^(236)^ *fln2 # i^^l(258)» 3.5.^ #315., 
4*1*1 ^ 4 ^-Efls. 74Htbck ^ m -g^^, #71 X)i 4^^" 

cf^sf 71(220)^ *fll cf^5}- 3LH(221H1 ^wj-^ ^Aljr-g. <*€\-^s[*} 

^, Al 31*1 ^ln ^i(Al-An)!: ^11 31*1 ^lln ^^s\- 1^(222-224) 

5 #^4. #71 *fll ^71/^^(230)^1 *!lll ^^-71(232)^ *fll 5£H(232lHl <g^ 
€ #7l Al ^fl^( A 1)* *fl2 5£H(2322)S. #?1 *flll # ^1(236)^ A2 

IB(2362)°fl ^. 7l ^ ^^(xi)# ;*)13 5LB(2363)5. #^J15.*1 , #7l *fll 

*fl^Ul)^§: ^-7lAl7jc|-. a o v 7 | ^ 2 ifl^l *fl n -g- 71/ ^^-(240,250)^ A2 31*1 

*fln ^i(A2~An)f Zicfl^ ^X\f)ji i # 7 ] cf#5(-7l (260)^ *fl22 31*1 
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^I2n <34^4 SH(263,264H ^2 vfl*l *fln *fl\t( \2~\n)^ ^^-^ 4^ 

*H, 4^Srfl ^« ^2 cf^sf- J£H(261)S. #3tr4. 

^2 ^» #71 *fl2 4^^-7](260)^ ^12 4^2}- S. 

H(26lW 4^^" ^4^5)-^ *fl(n+l) tfl4 

*K2n-l) 5fl^(\(n+l)-\(2n-l))* *fl21 vfl*l *fl(2n-l) <34^2r £B£ #3t!r4. # 
7] *)ln ^-71/^^(250)^ *fln2 # ^4*1(258)^ *fll iB(258lH *ll2n *m( 

X2n)* ^4 5LH(2584)S. #^^>J1 ( sfr 7 ) *fl n i ^71(252)^ *fl3 5LB(2523H1 <3 
A oM ^I2n ^fl^(X2n)* ^1 1 iH(2521)S. #3^:4. #7l afll vfl4 ^l(n-l) ^7}/^ 
^-(240,250)^ *fll ^l(n-l) ^^(Xl~\ (n-l))-|r H^S. -§-4^1 7 )j L> ^v 7 ] 

*U 4^-g-^ 4#Sl-7l(220)^ ^121 ifl*] ^l2n ^4^Sr 5. J=( 222-224 HI <g ^ 
(n+1) ifl4 *fl2n *tiM(\(n+l)~A2n)^g: 4 4^s}-*r D } , 4^4€ t^llf *)U 4 

^sf 5LH(221)S #^*V4. 

,o]*}, £ 2 ofl £Al^ c$*#i$ # ^-71/^^- 4^51-71 (200)ofl aj-g-sj ^ *fl n & 

7l/^^« ^Hl^i A^t^^ 7lS ^J-Cf. 

£ 4^ ^AHHl rrf^. ^ n £-71/^-^4 44^ 

£^°14. ^"71 *fl n ^-71/^^(400)^ *flnl ^ *fln2 4#£-«-4^ ^14 (WDM filter: 
WDM FT, 410,420)4, *flnl ^ n2 # ^4*1(430,440)1- ^#^4. °l*r, ^44^ ^ 
^ ^^1-71^ *V4. 

^7l *llnl ^ ^ln2 4#£-^4^ ^4(410,420)^ AA *Hl 44 *fl3 
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i= (4101-4103; 4201-4203)1- itf«H , a])1 I£ (4101,4201)* *«fl Afln ^ 

*)l2n ^^(\n,X2n)* ,4^- ^-#3-°^. -g-e]*H *fl2 ^ Afl3 (4102, 4103; 

4202,4203)5. #7l Aflnl ^ Afl n 2 sJ-^^-cf^ (410,420) AA^ *fl2 ^ 

;*)13 iB(4102,4103; 4202.4203H1 AA tfl<s^ol 3^, 3*03 

^71 ^ln ^-71 ^^(400)7> *fl\tUn)^- -g-7H5[i * Afljg.*- Afln sfl^Un) 
^ ^H^Rr Afll ^I2n ^^(\2n)^r ^7)^1^1 * Aflj^*- ^ 2n *11\iU2n)* ^ 

Afl<H tL(D|c A ])^ ^ nl ^. ^(430)4 Afl n 2 # i^^l(440)» 3ii x\) 

^ Afll ^-f^- ^^*>^, ^7) Aflnl Sf^^-^-Cf^ €^(410)^ Afll IB 

(4101H <^=1 Ailn ^^(An)t Afl2 iB(4102)5 ^7} *\}nl % 

(430)^ A]2 ^H(4302)^l <^ av 71 ^ n ^|^ (An) |. ^3 ^^(4303)5. 
, #7) Afln ^i(An)t ^-7]AlfJcf. nelJi, ^7} Aflnl # ^^^1(430)^ *fli £e 
(4301H1 Afln ^-g; *iU iH(4304)S #^^>ZL, <#7] Afl n 2 ^] 

(420)^ All3 iS(4203Hl #7l Afln ^^(Xn)t *fll M(4201)S 

cf^-o.^ Afl2 ^-f* -i^SMS, ^7] Afln2 4^^^ €^(420)^r a)H £e 
(4201H1 oj^^ Afl2n ^^(X2n)^r *fi2 iH(4202)3. Afl2n % 

(440)^ Afl2 iH(4402)°fl ^7} Afl 2n ^^(A2n)-i: Afl3 5LH(4403)5. 

^-71 *l]2n ^(X2n)-%r ^7}^}^. =L?)JL, ^7) Afl n 2 # ^^1(440)^ Afli 
3LH(4401H1 <y*m Afl2n *ll ^( A2n)-§r Afl4 SB(4404)5. #^^>J1, ^7} Aflnl 
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1*-^ €^(410)^ ^|3 5LS(4103)^1 timg. <#7] mn ^^(\2n)# *)U M(4201)S 

. ^-71 ^ln ^-71/^^(500)^ *flnl ^ *fln2 *i-I-3H£l (510,520)$!-, aflnl ^ n2 # i 
31*1 (530,540)-!- I^W. °l*h f^-S^ ^ef^lS *Vcf. 

^•71 ^flnl ^ ^ln2 *|-M°lEi (510,520)^ ^ vfl*l ^|3 IB! (5 10 1-5103; 
5201-5203)1- =L ^ <Q%& *fln HL^ *fl2n *im(\2n)# ZL o] 

3tb ^ IBS #7] *flnl ^ ;%2 *)t-elH£l (510,520)^ 

^71 *fln ^-7] ^^(500)7> ^fln ^^(An)t £-71 a]tJ * Afl^o. ^ n ^ (Xn) 
-§: ^*Hr ^11 4^4, *fl2n ^^(X2n)^- £-7M7j -f Afljg. £ ^ 2n ^( X2 n)^r ^ 
^12 ^ ^>7l^ w>4 ^-cf. 

^H-^l-EAl)^ ^Inl # ^*1 (530)4 ^}n2 # ^ *1 (540)-!- 3Si *\) 
°\&t\r. *\U -g^S^, *flnl ^H-efl°lEK510)^ *fll IB(5101H1 

^ *fln ^Un)^- ^2 M(5102)S #7} ^ nl % ^^(530)^ *fl2 I 

HC5302H1 ^-71 *tfn ^^(Xn)t *tf3 1^(5303)5. , #7l ^ n 

^( Xn)t ^H^cf. zi^Jl, #71 *flnl # ^^1(530)^ *fll 5LBU5301H1 
*fln ^NlUn)* ^4 IH(5304)S #^s>jl, <#7] *fl n 2 ^H^Me^O)^ m IB 
(5203) <H1 ^7} A}n ^^(\n)* *fll IBK520D5. . 
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<47> A%°-sL A]2 <#7) *fln2 ^l^eflolBi(520)^ afll 5LB(520lH ^ 

3€ ^l2n ^^(X2n)^r *fl2 iH(5202)S #3^-. ^7} *fl n 2 ^ ^*1(540)tt A2 
iS(5402)oll <g§^ # 7 j ^I2n ^fl^(A2n)^- m SB(5403)S. #^f-o.5L*|, 
2n *imU2n)^- £-71 A^rf. ^> 7 ) ^| n2 # ^^( 540 )^ SH(5401)<>11 

3£ ^I2n ^^(A2n)# *fl4 5LS(5404)S #^>JI, #7l *fl n l *1 t^H ^ (510)^ ^13 
SB(5103H1 <tm& ^7) *fl2n ^^(\2n)^- afll SB(5101)5. 

<48> 51 6^ ^13 *JAHH1 r^=. ^l/TJ^-o] ^ q.^- £^o]4 

. -^-71 *fl n ^-71/^^(600)^ ^lnl sHS-^t}^ ^(610)^, *lln2 *) t-3H Ei (620) 
2}-, *flnl ^ n2 % ^^1(630,640)1- 5Lf-*lcf. £ 6<^1 7flA]^ <$y$tfr # ™- 7 ]/ 

*\ iH^l-b ^>^, « 0 l-#^-(amplified spentaneous emission: ASE) t^-S <>l-?-<H 

^1 ^-cfl7j-£^-^-( r eiative intensity noise-' RIN)^.^. ¥Sj-(cross-talk)# *&z)?k 

<49> #7) «. 7 i ^^(600)7> ^Jf<HH<3] aVAHl 7fl^^^ *)ln ^Un)^: 

^171^ *fll ^Jf-oflA^ aUHl 5]5fl ^fl2n ^fl^(X2n)^- ^7]^ 

<50> ^l<^-V-(o)£Al)^ ^jni # ^^1(630)^ *fln2 # (640)1- *} ^S. XH^r 

^. ^ *)U ^4-1- H^*}^, ^"71 ^Inl ^V^cf^ ^(610)^ X| 1 5LH(6101H1 
Xln ^^(Xn)# ^12 iH(6102)S #^*Vc]-. -tf 7 ) *f| nl # ^^1(630)^ A)2 
iH(6302H aJ-71 *fl>iU2)# *fl4 5LH(6304)S #*N*l-uI, #7l X] n 2 

Eflo)E^(620)^ X13 5LH(6203)<H1 ^7} z\)n ^fl^(Xn)^- *)U 5LH(6201)5. #^t!r 
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4. ^-"MM^ ^Hl #7l *fln2 ^!-5fl6lEK620)^ *fll SS(6201)<^1 *fl^^ 

#7l *fln ^fl^(An)^ *|)2 IH(6202)5. #^S]j7, #7l *)ln2 # ^H*l(640)^ ^12 5L 
H(6402H1 ^ln ^fl^(Xn)|- *1]4 5LH(6404)5. #7l ^flnl sl-^OT- 

^ €&l (610)^1 *fl3 IH(6103H1 #7l *fl n ^l(\n)f ZL sj-^H #7} ^3 5E. 

B(6103H1 *ttt 4# tfl^* 3} u)]«-o) ^©5 ^Sf #*1 ^>J1 ^^4. 

t^o. ^ ^2 ^^-1- -g^*>^, #7l *lln2 <*|^3HEl(620)Tr ^11 5LH(6201H1 °J 
^£ ^l2n 5fl^(X2n)^- ^12 SH(6202)3. t^tt4. #7l *fl n 2 % ^*l(640)^r A2 
IB(6402H1 #7l ^I2n *fl\IU2n)^: *fl4 5LB(6404)S #^}:H, #7] Anl A 

#£-«"4# ^(610)^ *fl3 5EH(6103)ofl #7l *fl2n ^^(A2n)* IB 

(6101)3. <2l^-ofl^°l aVA>oil oj^fl # 7 ] ^lnl ^-SrW^ €^1(610)^ AM 

IH(6101)°fl *fl<y^ #7l *fl2n *imU2n)£- ^13 5LB(6103)3 t^sqjl, #7l *\}n2 
% ^*l(640)-b A]A 5EB(6404)°ll *fl2n *imUn2)-8- *fl2 SH(6402)3 

4. #7l ;%2 *1$3HEH620)^ *fl2 5LH(6202)ofl <^^^ #7l *fl2n *imU2n)* m 
IB(6203)3 #71 *)lnl ^ ^*1(630)tt *fl4 IB(6304H1 #7l 

2n ^^(\2n)^r *ll2 IH(6302)S #3*}JL ( #7l *flnl sj-#^t^ ^(610)^ *fl2 
iB(6102)°fl <g§^ #71 *fl2n ^^(A2n)^8: ^ 4#°1 #7l *fl2 5.B(6102H1 ^€ 
4# 9J<>14^ vfl-^ ^ #*1 £-*}JL ^€4. 

£ 7£r ^14 ^^HHl 4-E- afln ^-71/^^^ ^ o. q-El-^^ S^olcf 

. #71 ^ln ^-71 /^-f- (700)tt *llnl ^^eflolEKTlO)^, *fln2 ^#-§-^4^ €^1(720) 
4, ^lnl ^ n2 # ^^^1(730,740)1- 1^4. £ 7<^1 7lH£ o^j: ^ -g- 7 ]/ 

^th 4^^-71 Si tfl-^-, olfif c^^^ ^-^ 7 ]^ ^«- > £ ^ zl § Afolo) ^^ti.^ 
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^71 *fln $71 ^^(700)7> ^Jf^o] aU H l fijtq X]<y^ 2fl n ^fl^(An)t 
Xl7i<5Kr ^1 -4^, sq^-^A^ ^ofl o}sfl 7 fl<y^^ *fl2n ^fl^(A2n)^- X)7l*Kr 

XH-f-^l^Dir *fl n i ^^^(730)Sf Xln2 ■ # ^^(740)1- a> ^BflS ?!: 
4. ^ XU ^^*>^ f ^"71 *flnl >Xl-3H3(710)^r XU H(710lH <3 ^ 

X]n XI ^ ^2 iH(7102)S. ^7} J\]nl ^ ^^^1(730)^ X]2 IH(7302H 

^-7) *fln ^^(An)l- XH SH(7304)S t^*}^, #7l Xln2 W 
(720)^ Xl3 IB(7303H SJ 3^ #7l *l|^(A.n)* XI 1 IB(7201)3. #^th=K ^ 
-^H^ ^Hl #7] Xln2 ^-g-^i}^ (720)^ XI 1 5LB(7201)^1 Xl^^ 

^7l ^ln Xl^Un)^ Xl3 IB (7203) 5 #^5)^1, #7} *flnl # ^^1(730)^ ^4 I 
H(7304)o]l ^fln XmUn)-8r Xl2 IB(7302)5. #7l *flnl 

(710)^ ^2 BB(7102H <#7) *fl n ^M(An)^ Xl3 IB(7103)3. ^ 

7} *fln2 # ^ ^1(740)^ XH BB(7404)ofl #7j *)ln ^l(Xn)|- Xl2 IB 

(7402)5. #^ ^"71 n 2 sj-^WS^ 113 (720)^1 *fl2 BB(7202)<>1] -tf 

71 Xln ^fl^(Xn)^- H sp£oj ^-7] *fl2 BB(7202)<Hl ^ tfl«*^- ^H^o.^. 

cf-i-AS *fl2 ^-fl- -g^^, ^-7) ^ln2 3p8-g-OT-# € 3(720) tt XI 1 II 
(7201)*fl ^l2n XmU2n)^r X]2 IB(7202)5 #^*H=K >#7l *fln2 ^- 

(740)^r Xl2 IB(7402H1 <$n& ^7} z\}2n Xm(\2n)* Xl4 IB (7404) 5 #^*V^L, 
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#71 »lnl ^l-eflolEK710)^ *l)3 SB(7103H1 #7l *fl2n ^^(X2n)^: afll B 

B(7101)B i^^o} aVA^l o}*fl Aj-71 ^)nl *| t-3M BU710)£l afll SB 

(7101H ^71 *\}2n ^^(A2n)^r ^2 BB(7102)B <#7] *flnl % 

^^1(730)^ *fl2 BB(7302H *l)2n *imU2n)^- *fl4 BB(7304)S #^*Vtf. 

^•71 *fl n 2 s^-g-^f 1 ^(720)^ z\}3 BB(7203H1 #7l ^2n *imU2n)£r 

^ *fl3 BB(7203H1 4# tfl<3-g- ^ 

^j-Jl i^^t^. 



^ B^KlL, tJ-E- ^y}3] 7>-^- i^H^ <8^°1 ^wj-^t ^Jro} Sj-^ cfl^^- B 
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[3^8" 1] 

4#£-^-^ ^HH ##Jl<51 ^* <£^s)^, 

51 *5.7> Sl^ cf^o^ qc|.^3| £E f ^u}^±=. *fll s|-#£-^- cf^^yjsq-; 

^ 7l-S3€ ^fl^^l ^ afe £-711- #7l *fli 4#£-^ ^^-71 

^4^5)- !Bt4 ^cfl<^ tH=<q ^-71/^^4; 

t^o} IBS}, #71 ££^r ^ y o V ^ ^JLSl f£7} S)^ £|-^S?- lEf 

^«l*Rr ^12 4-#£-^ 4^^-71 » If-^, 

#71 afll ^ *fl2 sp^g-^" ^^7)$r *}-fi- i^B^ ^^^r 7>*H , #7l 

^ y oH^ #^]Jl£1 S}-# cfl^ ^71^1 7}-B- i^H^ <3<*H I^-SlJl, #71 
##JlS1 cfl^^- cf^- ^7l«l 7>-H- ^B^ <3*H i^-l- ^-#ilS. ^ 4 

#£W^ "J* # £71/^^- 4^71. 

2] 

^fll^Hl ^^H, #71 £-71/^^-^, 

#71 *fli 4#£^ 4^71 al sfl^ ^^s\- <£^_5) ^^-7lsq-; 
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A oM XI 2 4^^- t^3j-7]3] ^ ^Cf^s}- 3cc«4 o^S]^, #71 Xll ^^7lSf 

# ^*Rr XI 2 ^7]<%; 

£-71 a} 42 # ^*1» if-^-l- ^^.s. a>}±r W^l^ ^1*1- 

3] 

A oM XI 1 ^7)^ sfl^" <3^5* XI 1 iBfif, #71 £^0.3. 

^*Hr 4^ ^#*>7l X)2 #7) <W^°-5. ^*Rf n 

# ^^^>7l X13 IBt ^h]^ 4# cq^g xll 4#«-«t^ € 

#7l XI 2 ^^-71^ Sfl# ^^5}- £Efi). o^S]^ Xll #71 ^#^=O.S. 

^^Rr *fl# 4^ ^Sf ^^^r>7l ^1*1 X13 IM, A o V 7l ^#^JL5. ^1^^ f% 

# X12 £H f ^al^ 3}-# ^2 2}-#^Cf^ 5] 

21-71. 
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I^t 1 * 4] 

*H2^H 91°]^, 

# *fl^ 33.* ^^^>7| ^ m ISi ^l^Rr 4^" JM^S *fll *lt-5lHBi» 

^71 ^12 ^^-71^ «fl^- ^cf^S)- <3^S1^ *f|l 152}, ^-71 ^« 0 >fo S 

Nt 1 * 5] 

*fl2*cM] 5a°H, 
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6] 

#71 *fll ^7^ *fl^ ^^S)- IBS]- afll #7l 

^39*}^ ^fl^- ^B^^l ^St ^*>7l *fl2 £Hfif, #7l <*« 0 Vt£o_3. ^sg*Kr f% 

^*Rr sfl^ ^St ^^s]-7l 3tb *fl3 £S4, #71 ^^jos ^1^^ sfl 

# *fl^3 33.* 3tb ^2 IBt ^l^Rr 4# ^#^-1-4^ 
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[51 1] 
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[£ 3] 
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6] 



Ton 



630 

± 



A,2n 



610 ,\ n >1H" T? in ADPn! 
^ WDM-FTn1 CIR^f TV- 



600 
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IS. 7] 

730 




740 
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